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Gamma-ray spectra obtained from samples flown aboard the Long Duration 
Exposure Facility have been analyzed to obtain the nuclear species produced in this 
material by the interaction of this material with protons and neutrons encountered in its 
69 month orbital flight as well as to quantify the specific activity (pCi/kg) of these 
nuclear species. This quantification requires accurate corrections for efficiency, self 
attenuation, and background. Plans have been developed for archival of the spectra in a 
form readily accessible to the scientific, engineering and technical community engaged in 
space research and application. Work has been initiated in the process of estimating the 
flux of activating particles encountered by material at various locations of the spacecraft. 


ii 


CONTENTS 


COVER PAGE 
ABSTRACT 
CONTENTS 
LIST OF TABLES 

SELF ABSORPTION CORRECTION 
SPECIFIC ACTIVITY OF LDEF-1 SAMPLES 
RELATED ACTIVITY 


REFERENCES 


LIST OF TABLES 


Table I. 

Background Gamma Rays from BG172/175 

A 1 

Table II. 

Gamma-Ray Data for Selected Radioisotopes 

A2 

Table in. 

Intentional Sample Results 

A3 


TV 


Final Technical Report 
NASA Contract H-13029D 


Introduction 


Nearly 400 samples from the Long Duration Exposure Facility (LDEF-1) 
spacecraft retreived from low-earth orbit in January, 1990, have been counted in low- 
background counting facilities to study induced radioactivity in spacecraft material. 
These low-background facilities are found at the Marshall Space Flight Center (MSFC), 
Lawrence Berkeley Laboratory (LBL), Lawrence Livermore Laboratory (LLL) Savannah 
River Laborartory (SRL), the Batelle Memorial Institute Pacific Northwest Laboratory 
(PNWL), Johnson Space Center (JSC), and the Tennessee Valley Authority Northwest 
Area Radiological Laboratory (TV A). The gamma-ray spectra from the samples are being 
carefully analyzed to yield the sample specific activity (activity per unit mass). The 
Department of Physics and Astronomy at Eastern Kentucky University (EKU) has 
provided analytical support to these laboratory and is involved in the interpretation of the 
resulting specific acti vity. In particular, EKU has the specific task of analyzing the 
spectra taken at MSFC. The National Aeronautics and Space Administration (NASA) 
has supported previous, continuing EKU effort through contracts NAS8-35 180 NAS8- 

36642, and H-08071D. Specifically, NASA contract H-13029D required the following 
work: & 

Work to be performed on data taken in 1992-1993: 

1 . Gamma ray spectra obtained post-flight from LDEF samples shall be analyzed. 
Corrections for geometry, self-absorption, detector efficiency and background shall be 

made. Uncertainties due to counting statistics and experimental errors shall be 
estimated. 

2. Using experimentally-determined activation cross sections, estimates shall be made of 
activating protons and neutrons, averaged over the mission lifetime at various locations 
within the LDEF spacecraft. 

3. The results of these studies in the form of quarterly progress reports shall be made. 


Self Absorption Correction 


The computer code EFFATN was originally developed to calculate the efficiency 
and attenuation correction for the intentional samples of Vanadium, Cobalt, Nickel, 
Indium and Tantalum 1 . These samples were designed to be 2 inch by 2 inch squares 
with thicknesses of 1/4 inch or less although some were cut in half for mounting onto the 
spacecraft. The EFFATN code has proven adequate for such samples activated with 200 
MeV neutrons at Indiana University Cyclotron Facility 1 . However, many samples were 
obtained from the trunnions, clamp plates and other parts of the LDEF spacecraft. The 
shapes of these samples were generally irregular. In order to obtain an accurate 
efficiency and attenuation correction for such samples the EFFATN codes has been 
modified to include rectangular samples, cylindrical samples, and coaxial samples. 

These modifications have been done under this contract by Robert Kamau as his Master's 
thesis project. The code EFFATNC is currently available to perform these calculations. 

Several of the trunnion sections were layered by cutting at different radial 
distances from the center. While most of the layers were flattened into nearly rectangular 
shapes, layer one was not. This geometrical shape does not fit the shapes incorporated 
into EFFATNC. A major effort has been undertaken to calculate the correction for layer 
one samples. The modeling of the shape which specifies the position relative to the 
detector and tracing the gamma ray as it leaves one part of the layer and possibly passes 
through another has taken a considerable amount of effort. While the code for this 
correction exists, the validation has not been completed. 


Specific Activity of LDEF-1 Samples 

The specific activity of many of the LDEF-1 samples have been calculated using 
the EFFATN code for correcting for efficiency and self attenuation. These results have 
been supplied to Dr. Alan Harmon at Marshall Space Flight Center. However, a review 
of these results were begun under this contract because of concern regarding the proper 
correction for background and the exact placement of samples relative to the HPGe 
detector. To do this a review of the shapes of the various samples led to a classification 
scheme cataloging them as to shape and exact distances from the detector. Apparently, 
early in the counting different combinations of collars and source mounts were used. 
This places the samples at slightly different distances than was used in the original 
corrections. Modifications in the calculations for EFFATN corrections to account for 
these differences have been made. 

The background at the low-background counting facility at MSFC shows 
considerable variation over the period of counting. A review by the Principal 
Investigator for this contract led to the conclusion that the most statistically significant 
values are obtained from spectra 172 and 175. Table I contains the net area, statistical 
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error and counting time for the listed background gamma-ray energies. These 
background yields and the updated sample positioning information have been used in 
recalculating the specific activity of many samples. 

Table II gives a list of significant gamma rays observed in many of the LDEF-1 
samples, the associated radioisotope, gamma-ray branching ratio and half life. These 
have been used in an automated search and analysis of the samples using more recent 
EFFATN corrections and the background from spectra 172 and 175.. Tables nia-IIIq 
give the results of these analyses for the intentional samples. The listed information 
gives the spectrum number (LDEF RUN NO ), the spectrum name, the gamma rays used 
to correct for slight energy calibration changes as well as the slope and intercept of this 
linear correction, the EFFATN correction as well as the detector point-source efficiency 
used in the correction, the corrected specific activity at the time of counting for a given 
isotope, the specific activity as of January 20, 1990 and the net error in the specific 
activity. Also, an asterik indicates those gamma rays for which background corrections 
have been made. Net errors of near or above 100% indicate gamma rays whose emission 
from the sample are highly unlikely. 


Related Activity 

Two areas of activity related to this project have been undertaken as part of the 
effort under this contract. First, the need for improved experimental cross sections to 
estimate the fluxes of activating particles and to model the activation buildup within 
LDEF led to a re-evaluation of experimental results previously reported 2 . The focus of 
this effort was to confirm the results of the experimental measurements and to determine 
if additional experimental cross sections useful for LDEF analysis could be obtained. As 
a result of this effort Tony Armstrong at SAIC was supplied with cross section results for 
Indium which he has incorporated into activation calculations using a Monte Carlo high 
energy transport code (HETC). The results of this work were reported at the Third LDEF 
Post-Retreival Symposium at Williamsburg, Virginia in November, 1993. The 
proceedings of this symposium has yet to be published. 

The second area of activity deals with archiving the results of the activation of 
LDEF spacecraft material. Some of the initial plans made by the EKU staff have been 
published 3 . Additional effort was made by establishing data tape cartridges at the 
University of Kentucky Computer Facility and developing cataloging procedures for data 
storage. The procedures were tested to insure that spectra could be stored and retreived 
from the tape. Computer programs for reformating the spectra into a common format 
were developed and a program for listing a spectrum numerically was developed. 

Another program was developed to allow a used to graphically view a spectrum with a 
PC computer as well as to do simple peak area analyses. Because of some unresolved 
details concerning the exact format of the archive, no further work has been undertaken 
in this effort. 

As was the case with previous work on LDEF supported by NASA/MSFC, 
undergraduate and graduate students have benefited from their participation. Since 
March, 1992, four undergraduate and two graduates students, including Robert Kamau, 
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have worked on this project. In the Fall Semester of 1992 Dr. Alan Harmon of MSFC 
visited EKU to give a seminar and discuss with faculty and students research from LDEF 
and the Burst and Transient Source experiment on the Compton Observatory. Also, in 
the Fall Semester of 1993 Dr. Thomas Ward of the Office of Space, Department of 
Energy, visited EKU and gave a paper on Space Radiation Effects illustrating the need 
for the LDEF data in space research. Many EKU students other than direct participates 
have benefited greatly from this research activity. 
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TABLE I: BACKGROUND GAMMA RAYS FROM BG172\175 


LIVE TIME: 688255 seconds 


ENERGY 

NET 

ERROR 

(keV) 

AREA 

(%) 

110.400 

1194 

27.140 

140.660 

781 

39.560 

294.980 

1134 

19.840 

351.630 

1527 

12.440 

389.700 

541 

40.110 

451.340 

361 

47.370 

803.790 

423 

34.280 

816.010 

164 

46.340 

840.580 

184 

54.350 

847.800 

299 

40.800 

882.540 

198 

49.490 

960.910 

409 

27.870 

1040.210 

108 

56.480 

1120.260 

300 

32.000 

1173.070 

447 

18.570 

1197.870 

307 

29.640 

1238.150 

156 

38.460 

1332.100 

558 

21.330 

1765.400 

399 

19.050 

1793.290 

117 

47.860 

1875.210 

114 

58.770 

2613.510 

256 

28.120 
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TABLE II: 


GAMMA RAY DATA FOR SELECTED RADIO ISOTOPES 


Energy 

(keV) 

122.06 
1 36.47 
320.08 
391.69 
477.61 
810.79 
834.83 
846.81 
889.25 

983.50 
1037.88 
1120.51 
1173.24 

1189.00 

1221.00 
1238.32 
1274.53 
1312.05 

1332.50 

1771.51 
1808.65 
2598.57 


Branching 

HalfLife 

Ratio (%) 

(Days) 

85.50 

271.77 

10.69 

271.77 

9.83 

27.70 

64.00 

115.09 

10.39 

53.29 

99.50 

70.92 

99.98 

312.20 

99.90 

77.70 

99.98 

83.83 

99.99 

15.98 

14.10 

77.70 

99.99 

83.83 

99.90 

1924.00 

16.50 

115.00 

34.70 

115.00 

67.00 

77.70 

99.94 

949.73 

97.49 

15.98 

99.98 

1924.00 

15.50 

77,70 

99.76 

262800000 

16.70 

77.70 


+/- Isotope 

(Days) 


0.050 

C057 

0.050 

C057 

0.004 

CR51 

0.004 

SN113 

0.070 

BE7 

0.015 

C058 

0.070 

MN54 

0.500 

C056 

0.020 

SC46 

0.400 

V48 

0.500 

C056 

0.020 

SC46 

0.400 

CO60 

0.200 

TA182 

0.200 

TA182 

0.500 

C056 

0.730 

NA22 

0.020 

V48 

0.400 

CO60 

0.500 

CO 56 

1095000 

AL26 

0.500 

C056 
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NOTE: (*) INDICATES BACKGROUND HAS BEEN SUBTRACTED USING BG 172/1 75 
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NOTE: <*) INDICATES BACKGROUND HAS BEEN SUBTRACTED USING BG1 72/1 75 
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NOTE: (*) INDICATES BACKGROUND HAS BEEN SUBTRACTED USING BG1 72/1 75 
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